Alteration of pulmonary macrophage intracellular pH regulation by sulfuric acid aerosol exposures.
In vivo exposure to sulfuric acid aerosols produces profound effects on pulmonary macrophage (PM phi) phagocytic function and cytokine release and perturbs intracellular pH (pHi) homeostasis. Because pHi influences a multitude of cellular processes, we sought to investigate the mechanism by which acid aerosol exposure affects its regulation. Guinea pigs underwent a single or 5 repeated 3-hr exposures to sulfuric acid aerosol (969 and 974 micrograms/m3 for single and repeated exposures, respectively). PM phi harvested immediately after exposure were incubated in HCO3-free media and their pHi recovery from an intracellular acid load was examined. The overall pHi recovery was depressed after single and multiple exposures to sulfuric acid aerosol. delta pHi (the difference between initial pHi and the one measured at 150 sec) decreased by 15.6 and 23.3% (p < 0.05) for single and repeated exposures, respectively. Initial dpHi/dt (maximum pHi recovery rate) after cytoplasmic acidification diminished by 20.3 and 32.2%, which were not statistically significant (p = 0.08 for repeated exposure). To determine whether the activity of the H(+)-ATPase pump the Na(+)-H+ exchanger was specifically altered by the acid exposures, PM phi were first incubated in Na+ and HCO3-free media with NBD-Cl (7-chloro-4-nitrobenz-2-oxa-1,3-diazol, blocking H(+)-ATPase and leaving only the Na(+)-H+ exchanger in effect) and then challenged with 30 mM NaCl. The pHi recovery of PM phi after Na challenge was significantly reduced in acid aerosol exposed guinea pigs (p < 0.05) compared to controls (for delta pHi, 18.2% lower in single exposure and 22.7% in multiple exposure groups; for initial dpHi/dt, 26.9% lower in single exposure and 22.4% in multiple exposure groups). In contrast, the H(+)-ATPase pump was inconsistently affected as indicated by delta pHi and initial dpHi/dt measured in the presence of MIA (amiloride-5-N-methylisobutyl, inhibiting the Na(+)-H+ exchanger and leaving only the H(+)-ATPase pump in effect). These results suggest that in vivo exposure to sulfuric acid aerosols induces alterations in pHi regulation in guinea pig PM phi attributable to changes in Na(+)-H+ exchanger activity.